Alterations of intravascular volume: influence on renal susceptibility to ischemic injury.
The purpose of this investigation was to test whether alterations of intravascular volume change renal susceptibility to ischemic injury. Acute volume depletion (2% body weight; by furosemide injection or by hemorrhage) or volume expansion (10% body weight; by saline infusion) was induced in Sprague-Dawley rats. The effects of these interventions on renal blood flow (RBF), mean arterial blood pressure (MAP), glomerular filtration rate (GFR), and renal adenine nucleotide content were assessed by comparison with values observed in euvolemic control rats. Volume-depleted, volume-expanded, and euvolemic control rats were also subjected to 25 minutes of bilateral renal artery occlusion (RAO). The severity of ischemic injury was assessed 24 hours later (by determination of GFR, blood urea nitrogen, creatinine, and histology). Before RAO, the volume-depleted rats had significant reductions in GFR (33%), MAP (20% to 45%), and RBF (52% to 72%), but renal adenosine triphosphate (ATP) content was totally preserved. Both groups of volume-depleted rats had normal susceptibility to RAO, compared with the euvolemic controls. Before RAO, volume expansion had no significant effect on GFR, MAP, or RBF, but it decreased renal ATP content by 21%. In addition, volume expansion significantly exacerbated the ATP depletion that occurred both during and after RAO. Nevertheless, the volume-expanded rats were almost totally protected against ischemia. It is concluded that the kidney can tolerate severe volume depletion without apparent deterioration in tubular cell energetics or a change in renal susceptibility to superimposed ischemic injury. Acute volume expansion can protect against ischemic injury, despite lowering renal ATP content.